at room temperature for 1 hour for cooling, and then they were vacuum-packed (Turbo Vac, 4155, Brazil) in a laminated film package (polyethylene/nylon/polyethylene) to prevent loss of aroma. The rice bran samples were stored at room temperature up to analysis. The experimental roasted brans were identified by the cultivar (S, P, and I) and a number corresponding to the roasting time (6, 9, 12, 15 , and 18 minutes).
Physical characteristics
The analysis of instrumental color (L*, a*, and b*) was performed using a colorimeter (Byk Gardner GmbH, Wesel, Germany) with D65 illuminant and geometry 45/0. The water activity (Aw) was determined using the device Aqua Lab CX 10 (Decagon, Pullman, USA).
Sensory evaluation
The roasted rice bran samples were evaluated using a two step-sensory analysis. At first, the difference from control test was applied and secondly, the Free-Choice Profile analysis was used. The panelists were informed about the products and testing procedures, according to the research project approved by Ethics Committee of the Universidade Federal de Goiás (number 181/09).
All tests were performed in individual booths, and the samples were served at room temperature (5 g per sample) in transparent and disposable closed containers coded with three random digits. The presentation order of the samples was randomized for each panelist.
The research followed legal ethical aspects; the project was approved by the Ethics Committee of the Universidade Federal de Goiás (number 181/09).
Difference from control test
The difference from control test was applied to estimate the level of difference concerning aroma and taste between the standard sample, defined as the lowest roasting time (6 minutes), and the remaining roasted bran, to select differentiated samples for the descriptive test. A red light was used to mask color differences among the samples. A panel with 24 panelists was used. In each session (one per cultivar), each panelist received simultaneously the control sample (6 minutes) and coded samples corresponding to different roasting times (6, 9, 12, 15 and 18 minutes). The panel was instructed to assess the level of difference between each sample and control using a five-point scale ranging from zero (no difference) to four (quite different).
Free-Choice Profile analysis
The Free-Choice Profiling was used to access two brans of BRS Sertaneja (S9 and S15), two of BRS Primavera (P9 and P15), and three of IRGA 417 (I9, I12 and I15), selected during the difference from control test. All analyses were performed under white light.
The panel was composed of ten panelists (three men and seven women) aged between 23 and 35 years. The panel was
The inactivation of the enzymes accountable for rancidity (lipoxygenases and lipases) is usually performed using the roasting procedure (SAUNDERS, 1990) . The stabilization process by heating in microwave for 3 minutes did not affect the main nutrients of rice bran. However, aromas are developed in the roasting process, mainly caused by the formation of compounds of the Maillard reaction. Moreover, among its various end products are the melanoidins, which are responsible for color, aroma, and antioxidant activity of many foods (RAMEZANZADEH et al., 2000; ABDUL-HAMID et al., 2007) .
The descriptive sensory analysis of roasted brans from different cultivars enables to evaluate the effect of roasting process on the sensory characteristics of the products. The Free-Choice Profile is based on the principle that people perceive the same characteristics in a product even though they express themselves differently. Each panelist is allowed to use his/her own unique list of terms to evaluate the products. The results were evaluated by the Generalized Procrustes Analysis (GPA), which eliminates variations in the description of samples allowing detecting differences in perception by the panelists and/or lack of repeatability (MURRAY; DELAHUNTY; BAXTER, 2001).
Thus, the purpose of this study was to study the physical and chemical (color, water activity, proximate composition and reducing sugars, and phytic acid contents) and sensory characteristics of rice bran from three cultivars (BRS Sertaneja, BRS Primavera, and IRGA 417) submitted to microwave roasting. This information can help increase the use of rice bran in the formulation of food for human consumption.
Material and methods

Raw material
Three rice cultivars BRS Sertaneja (S), BRS Primavera (P), and IRGA 417 (I) were used for bran extraction using a rice processor (Satake Rice, Embrapa, Brazil).
Roasting process
After sieving (Tyler 42) and before roasting, the bran moisture content was adjusted to 21 g/100 g to accelerate the enzymatic inactivation during heat treatment, according to Ramezanzadeh et al. (2000) .
The rice bran samples were roasted in batches of 150 g in a microwave oven (CCE, model M210, Brazil) with an internal volume of 21 L, a cylindrical refractory glass (4 mm thick and 260 mm in diameter in the center of the device), and power of 758 W. During the roasting process, the bran was frequently homogenized at 1 minute intervals with a spoon to avoid burning and formation of hot spots.
The equipment was preheated for 3 minutes to establish a constant initial temperature and uniform the roasting conditions. The roasting times were predetermined in preliminary tests. Each cultivar underwent six roasting times: 0, 6, 9, 12, 15, and 18 minutes (treatments) with three process repetitions. After the roasting process, the samples were kept Replicated assessment of the samples by each assessor were included as data providing 10 individual matrices (one for each panelist), each with 21 rows (7 samples and 3 repllicates) and a different number of columns, varying from 7 to 11 according to the number of descriptors used by each panelist.
Results and discussion
Physical properties
The IRGA 417 raw bran showed lighter color compared to that of the BRS Primavera and BRS Sertaneja. The roasting process caused significant (p ≤ 0.05) changes in the lightness of the rice bran, but there was variation among the cultivars showing that differences in the grain morphology and chemical composition are associated with the roasting process. The longer the roasting time, the darker the bran (Figure 1 ). The intensity in yellow and red color (parameters a* and b*) did not differ comparing roasting times for the three cultivars (data not shown).
After 18 minutes of roasting, the roasted rice bran of BRS Sertaneja got darker compared to the other cultivars. The raw bran Sertaneja BRS showed higher content of protein and reducing sugars (Table 1) , which may be due to greater reduction in brightness during the roasting process resulting from the development of the Maillard reaction. Caramelization was another reaction that probably took place during bran roasting (ABDUL-HAMID et al., 2007) .
The raw bran had Aw around 0.54 ± 0.03. After roasting, there was a significant (p ≤ 0.05) reduction to 0.25 ± 0.0; therefore, its shelf-life can be prolonged. Water activity below 0.30 reaches the primary adsorption zone, where water molecules may be linked to groups such as carboxyl (COOH), which links to other water molecules by hydrogen bonds. This water layer would cover the food, but it would not dissolve the food components, which could lead to acceleration of lipids oxidation.
Sensory evaluation
For the three cultivars, there were observed difference (p ≤ 0.05) among the roasting times in the difference from control test. Approximately, 17% of the panelists stated that the rice bran samples roasted for 18 minutes had an unpleasant burn flavor, and 12% reported that the 6 minutes roasted samples had a characteristic flavor of raw bran. Other panelists (7%) also pointed that the 12 minutes roasted IRGA 417 presented a pleasant sweet and roasted-like aroma. Based on these results, the Free-Choice Profile analysis was performed in the bran samples of the three cultivars roasted for 9 and 15 minutes roasted brans and the IRGA 417, roasted for 12 minutes.
In the sample consensus plot, the first dimension accounted for 65% of explanation and the second for 4% (Figure 2a ). The samples of roasted rice bran were well-characterized, and the explained variance (69%) was higher than usual for the FreeChoice Profile analysis data (CALEGUER; BENASSI, 2007; THAMKE; DURRSCHMID; ROHM, 2009) indicating a good characterized by high educational level and had previous experience with sensory analysis. The Kelly repertory grid method (MOSKOWITZ, 1983) was used for development of the attributes. The samples were presented to the panel in pairs in four different sessions. Pair selection was based on the greatest difference between them. The panelists were asked to find as many differences and similarities between the pair of samples as possible, and they were encouraged to use whatever terms they wished to describe the samples. After this step, an individual discussion took place. Based on the individual descriptive forms, personalized score sheets and a glossary were prepared. Each assessor had his/her own glossary and score sheet containing the descriptive terms developed individually. To quantify each attribute, a hybrid intensity scale anchored with grades 0, 5, and 10 and the verbal terms at the end (KITZBERGER et al., 2010) was used.
A session simulating the presentation of the Free-Choice Profile was performed. The panelists evaluated three selected samples to assess the adequacy of the score sheets and were able to change the vocabulary (both the descriptors and the descriptors definition in the glossary). At each session, the panelists received a glossary with the score sheets. All the samples were assessed using a balanced incomplete block design for seven samples. Seven sessions were performed. At each session, the same block (three samples) was evaluated by each panelist totaling three replicate assessments for each sample. Monadic presentation was used.
Chemical properties
The approximate composition of raw and roasted rice bran was performed according to the methods of the Association of Official Analytical Chemists (1997); the total carbohydrate content was estimated by difference (BRASIL, 2003) . The Somogyi (1945) and Nelson (1944) methods were applied to quantify the amount of reducing sugars. The extraction of phytic phosphorus followed the procedure described by Thompson and Erdman Junior (1982) . The phytic phosphorus content was determined by the colorimetric method according to Chen, Toribara, and Warner (1956) . A 3.55 factor, referring to the 28.2% content of phosphorus in the molecule of phytic acid was used to convert the phytic phosphorus in phytic acid. The reading was performed in UV-VIS spectrophotometer (Cintra, 20) at 820 nm using a calibration curve in the range of 0.9 to 9.0 µg of phosphorus.
Statistical analysis
The results of color and water activity were assessed by regression analysis considering the cultivar and the roasting time as sources of variation. The regression graphs were obtained by the Statistica 7.0 software (STATSOFT, 2007) . All analyses were performed in triplicate, and the means were compared by the Tukey test (p ≤ 0.05). The results of the difference from control test were evaluated by ANOVA, and the means were compared by Dunnett's test (p ≤ 0.05). The results of the free-choice profile analysis were evaluated by the Generalized Procrustes Analysis (GPA) using the Senstools software, version 2.3 (OP&P…, 1998). IRGA 417 rice bran samples showed higher (p ≤ 0.05) ash content than that of the others before and after the roasting process (Table 1) . IRGA 417 cultivar is classified as irrigated and BRS Sertaneja and BRS Primavera as highland; and according to the literature, the ash content and the cultivar depend on handling, climate, and geographic location of the rice crop (KRISHNARAO; MUKUND; CHAKRABORTY, 1991).
Protein content was higher for the raw bran samples than for the roasted samples (p ≤ 0.05) ( Table 1 ). The differences in protein content among the rice bran samples of the cultivars studied before and after the roasting process, can be explained by the development of Maillard reaction during heat treatment, which consists of a complex chain of chemical reactions involving reducing sugars and proteins or amino acids accountable for the formation of volatile compounds, and melanoidins among others (RUFIÁN-HENARES; MORALES, 2007) . There is also the formation of bitter compounds and reduced nutritional value resulting from the loss of certain amino acids such as lysine due to its use in the first stage of the Maillard reaction (MARTINS; JONGEN; VAN BOEKEL, 2000) . Amissah et al. (2003) found protein levels in sixteen varieties of raw rice bran ranging from 11.53 to 15.35 g (100 g) ].
In the rice bran samples, regardless of the cultivar, there was first an increase and then a decrease in lipid content during the course of the roasting process (Table 1) . The increase could be explained by the disruption of possible complexes between lipids-proteins and/or carbohydrates-lipids, as shorter heating periods may undo weaker interactions. However, there was a lower lipid content in the rice bran roasted for 15 minutes compared with the content of raw rice bran, which could be explained by the short hydrolysis and decomposition of triacylglycerides with consequent release of fatty acids and formation of volatile compounds accountable for the aroma after a longer roasting time. The raw rice bran samples analyzed in the present study showed lipid content close to the that reported by Ramezanzadeh et al. (2000) and Feddern, Furlong and Soares (2007) , of 17.1-17.5 g (100 g) -1 and of 20.1 g (100 g) -1 respectively. The rice bran submitted to the roasting process in this study showed lower value of lipids than those found by Silva, Sanches and Amante (2006) ).
There were increased (p ≤ 0.05) levels of soluble, insoluble, and total dietary fiber in roasted rice bran samples, regardless of the cultivar (Table 1) ; possibly due to the formation of insoluble aggregates with the loss of water due to the roasting process (DUODU et al., 2003) . In contrast, the levels of reducing sugars decreased during the roasting process (Table 1) since glucose is consumed in the Maillard Reaction and in caramelization during the process. The BRS Sertaneja raw rice bran showed higher content of reducing sugars, which may have influenced the darkening (lower lightness value) of this cultivar during the roasting process (Figure 1 ).
Studies have shown that phytic acid is a structure capable of chelating minerals such as calcium, zinc, and iron. It has antioxidant effect (ZHOU et al., 2003) and combines with protein and starch resulting in reduced bioavailability of these consensus among the panelists. Good repeatability, represented by the small size of triangles for each sample (Figure 2a ), was also be observed. As a criterion, the sample descriptions were based on the descriptors used by the majority of the panelists and whose correlation results obtained GPA analysis were > 0.6 (data not shown).
Dimension 1, associated to the roasting process intensity, was explained in the positive direction by the attributes of color (caramel, brown), aroma (burned, roasted), and taste (roasted, burnt, caramel), which had a high correlation for all panelists. The samples (S15, P15, and I15) with high roasting time (15 minutes) were allocated to the right side of the plot. The samples of lower roasting time were allocated to the left side and I12 in the center of the plot.
Dimension 2 was less important for the discrimination and was correlated with the attributes of sweet (positively) and bitter taste (negatively). This dimension contributed to the differentiation of the cultivars (BRS Sertaneja compared to IRGA 417 and BRS Primavera), especially at the initial time of roasting process (Figure 2a ).
The rice bran samples of BRS Sertaneja cultivar were discriminated from the others (Figure 2a ) and showed a higher consensus (Figure 2b ). The S15 sample was characterized by greater intensity of burned and roasted taste and roasted aroma than those of other cultivars with the same degree of roasting. S9 sample, also discriminated from P9 and I9, was characterized by presenting more intense aroma and flavor of raw rice than that of P9 and I9.
Rice bran samples from cultivars IRGA 417 and BRS Primavera were characterized as presenting more similar sensory characteristics (Figure 2a) . In general, the samples of cultivar IRA 417 were described by the panelists as having sweet taste and aroma, even those from longer roasting times (I12 and I15).
Chemical characteristics
All raw rice bran samples showed high levels (p ≤ 0.05) of protein, lipid, insoluble dietary fiber, total dietary fiber, carbohydrates, total phosphorus, phytic phosphorus, and phytic acid. After the roasting process, the rice bran samples from the three cultivars showed lower (p ≤ 0.05) moisture, protein, lipids, carbohydrates, total phosphorus, phosphorus acid, and phytic acid content (Table 1 ).
The loss of moisture was caused by its evaporation during the heat treatment. The microwave roasting process probably accounts for the conservation of rice bran during storage due to decreased water activity keeping the quality for longer periods. The moisture differences between the cultivars (Table 1) may be caused by differences in the bran chemical composition, which affects the ability to retain water during the roasting process. The fibers have high water holding capacity (CAUVAIN; YOUNG, 2002) . After 15 minutes of roasting, rice bran samples of IRGA 417, which showed lower levels (p ≤ 0.05) of total dietary fiber at time 0 and lower moisture content, retained less moisture content increasing the total dietary fiber content (Table 1) . In this study it was found higher (p ≤ 0.05) content of phytic phosphorus and consequently higher content of phytic acid in raw rice bran compared to that of the roasted bran; this fact can be explained due to the degradation of phytic acid forming complexes with proteins and carbohydrates thus hindering protein and amino acids digestibility. Sharma, Chauhan and Agrawal (2004) reported phytic acid values of 2.93 g (100 g) -1 , 2.45 g (100 g) -1 and 2.46 g (100 g) -1 for raw rice bran stabilized by oven and extruded, respectively; levels lower than those observed in this study. Most antinutritional factors found in rice bran (trypsin inhibitor, lectins, and phytic acid) are inactivated by heat and form insoluble complexes (OATWAY; VASANTHAN; HELM, 2001), which explains the lower content of phytic acid in roasted bran compared to that of raw bran.
Conclusion
The roasting process affects the physical, chemical, and sensory characteristics of rice bran. Free-Choice Profile analysis allowed the differentiation of rice bran samples in terms the cultivar and roasting time. The IRGA 417 bran roasted for 12 minutes presented the sweet taste and aroma, desirable characteristics of roasted bran. The roasting process reduced the contents of reducing sugars, total phosphorus, phytic phosphorus, and phytic acid in rice bran for the three cultivars analyzed. The roasted rice bran samples, regardless of cultivar, had high levels of proteins, lipids, and insoluble dietary fiber showing potential for use as a functional ingredient.
